Species composition, seasonal variation and vertical distribution of zooplankton in Lake Ikeda, located in the south of Kyushu Island, Japan, were investigated from July 1993 to December 1994. Twenty-six species were identified, of which fourteen were newly recorded for the lake, these being five rotifers, six cladocerans and three copepods. The zooplankton community was dominated by copepods, cladocerans and rotifers. As the mean of 3 stations, they represented 49.6%, 28.5% and 21.9%, respectively. Rotifera was the most diverse group (13 species); other groups were Cladocera (9 species) and Copepoda (4 species). The zooplankton population was predominantly rotifers in the summer of 1993, of which Polyarthra euryptera and Conochilus unicornis were abundant. The calanoid copepod Eodiaptomus japonicus appeared in May 1994 and became dominant from August onwards. Vertical distribution showed that the majority of the zooplankton population appeared in the upper water layer (0-15m) of the lake.
Introduction
Lake Ikeda, with a surface area of 10.95km2, is the fourth deepest lake in Japan. The lake is of the warm monomictic type. It was formed as a caldera lake asso- Early research done on the lake6, 13, 15, 17) was limited to general surveys and hence that data can not be compared with the recent ecological changes in order to ascertain the trend of eutrophication.
Appearance of indicator zooplankton species has been noted from the viewpoint of ecological and environmental monitoring1,2,4,11,25)especially for characteristics of lakes. Therefore, a description of qualitative and quantitative information of the seasonal abundance and vertical distribution of zooplankton appears necessary to counteract progressive eutrophication. The present paper aims to provide the characteristics of species composition, abundance and vertical distribution of zooplankton in Lake Ikeda.
Materials and Methods
Field surveys were conducted from July 1993 to
December 1994 from three sampling stations arranged in a line transect from southeast Osagari to northwest Obama (Fig. 1) . Station 1 near Osagari is steep and * Corresponding author deep (100m). Station 2 at the deepest point is in the center of the lake, and station 3 near Obama is shallow (<30m). The aim of this line transect was to observe whether there was any difference in zooplankton occurrence at the stations having different depths. A preliminary survey on May 26, 1993, showed the highest density of zooplankton at a 0-10m layer and a very scarce population below 45m. Monthly samples were collected from the three stations from 0-10m layers by vertical hauls of a Kitahara-type plankton net (diameter 22.5cm, mesh size 95um).
In Lake Ikeda, the thermocline usually appears at a depth of 15-30m. According to the vertical distribution of water temperature, the water column was divided into three different layers; gpper layer (0-15m), middle layer (15-30m) and deep layer (30-45m). The samples for vertical distribution were only taken from station 2 using a Marukawa-type plankton net (diameter 30 cm, mesh size 95um). Samples could not be collected due to bad weather conditions in October 1993 and March and July 1994.
The filtering efficiency of each net was assumed to be 100% for all samples. The samples were fixed with 5% formaline and concentrated to a volume of 30ml (except in August 1993 when it was 100ml). Zooplankton in all samples were identified to assess species compositions. The number of zooplankton in three replicate subsamples of 1ml was counted using a Sedgwick-Rafter chamber.
Identification of the zooplankton was made from illustrated guides7, 16, 18, 23) . Surface water temperature was also measured on each sampling date.
Results

Water temperature
Surface water temperature in Lake Ikeda (mean of 3 stations) was highest in August and lowest in February. There was an increase in zooplankton density with the increased water temperature, and vice versa (Fig. 2) .
Zooplankton
Higher densities of zooplankton occurred in summer of 1993, and in spring, summer and autumn in 1994. Since all stations showed more or less the same pattern of zooplankton occurrence, a mean of the three stations was taken to present the distribution pattern of zooplankton.
Rotifera
All rotifer species occurred in greater abundance in 1993 than in 1994 (Fig. 3a) , with the highest number of species occurring in August 1993 (Fig. 3b) . Polyarthra euryptera and Conochilus unicornis appeared most abundantly in July 1993, but C. coenobasis in August of both years. The maximum density of A. priodonta was found in May 1994 (Fig. 4a ). Hexarthra mica and Trichocerca capucina were abundant in August 1993, but Keratella valga tropica from August to September 1993. These species were rarely observed in 1994. Ploesoma truncatum is the only rotifer which appeared in most of the months with its highest density occurring in May (Fig. 4b) . The occurrence of the rotifer population in Lake Ikeda was compared with that of other lakes. C. unicornis was dominant in July in Lake Ikeda, as seen in Lakes Ozenuma19)and Biwa14). This species also appeared from May to August in Lake Grasmere3)and May to June in Lake Biel22). A. priodonta in Lake Ikeda, like Lake Grasmere had a maximum population in May, where as the maximum appeared from January to November in Lakes Biwa and Numasawa24). P. euryptera appeared from July to August in Lake Ikeda, but May to October in Lake Biel and July to September in Lake Grasmere. The occurrences of rotifers in different lakes with irregular seasonal patterns indicate the rotifers' opportunistic characteristics.
Cladocera
Many species of Cladocera were commonly found. Bosmina longirostris, the most common species in the lake, appeared in winter and from spring to summer with the maximum density being in April (Fig. 5) .
The population density of Diaphanosoma paucispinosum reached the maximum in July 1993 and in November 1994. This species disappeared from late winter to spring. Bosminopsis deitersi only.
Copepoda
The cyclopoid copepod Thermocyclops hyalinus was prevalent in 1993 and the population increased in late spring and summer. The highest density of T.
hyalinus was found in June 1994. Mesocyclops sp.
also frequently appeared, but with a very low population count. This species occurred in mid autumn and disappeared completely after January 1994 (Fig. 6a) .
The calanoid copepod Eodiaptomus japonicus appeared in 1994 only. This species was dominant in the zooplankton community from August 1994 and onwards, with the highest density being in November 1994.
Copepodids of both cyclopoid species were counted together, since their early stages could not be distinguished. The highest population count of cyclopoid copepodids occurred in June 1993 (Fig. 6b) . Calanoid copepodids were abundant in October 1994, while the highest population count of nauplii occurred in June 1994.
Vertical distribution
The vertical distribution of water temperature in Lake Ikeda showed thermal stratification from June to October. The thermocline was most evident in August-October at a 15-30m depth. The circulation period extended from February to April (Fig. 7) .
The majority of the zooplankton population appeared in the upper water layer. Most of the rotifers were restricted to the upper layer. P. euryptera, P. truncatum and A. priodonta occurred in the upper water layer, while C. caenobasis was abundant in the upper and middle water layers (Fig. 8) . C. unicorn is, H. mica, T. capucina and K. valga tropica did not appear at a depth of more than 15 m and thus are not in- cluded in these vertical distribution studies.
Among cladocerans, C. dubia and B. deitersi were confined to the upper and middle water layers. B.
lonirostris occurred in the whole water column in January but D. paucispinosum occurred frequently in all water layers (Fig. 9) .
The copepods were well-distributed in the whole water column. Adults of T. hyalinus were found in the upper and middle water layers, while Mesocyclops sp. showed higher densities in the middle and deep water layers (Fig. 10) . Cyclopoid copepodids were well-distributed in the whole water column from November 1993 to February 1994. Adults of E. japonicus occurred in the whole water column whereas the copepodids were distributed in the upper and middle water layers. Higher densities of nauplii appeared in the upper and middle water layers than in the deep water layer (Fig. 11) . longirostris and one rotifer species Ploesoma truncatum. On the other hand, during 1964-1966, Maruyama and Saisho13) found nine rotifer species P. trigla, Synchaeta oblonga, A. priodonta, A. sieboldi, Brachionus calyciflorus, F. dorcas, Keratella cochlearis, Monostyla hamata, Filina longiseta and H. mira; three additional cladoceran species than previously found, D. brachyurum, Simocephalus vetulus and Bosmina coregoni; and four copepod species Cyclops strennus, T. hyalinus, Tropocyclops prasinus and Acanthodiaptomus pacificus. However, the rotifer P. truncatum and the cladoceran A. guttata, which were recorded by Mizuno, were not found during their studies. In the present study nine cladoceran and four copepod species were found, in which six cladoceran and three copepod species were newly recorded ( Table  1) . The number of current rotifer species (13) is larger than that (1 or 9) of the previous reports. Although previous researchers13) analyzed the species composition of zooplankton for three years and used a net of the same mesh size (95um) as we used, the samples were not collected regularly. Since the occurrence of rotifer species was of short duration, longer sampling intervals might have caused such rotifer species to be missed.
The change in zooplankton composition and the increased number of species reflect a change in the capucina5, 12, 20, 21) shows that eutrophication in Lake
Ikeda is gradually proceeding.
In Lake Ikeda biological factors such as food availa- 
